macroseismic data analysis, the 1511 Idrija earthquake (M L = 6.8), the largest event recorded in the area, occurred along a NW-SE oriented fault, likely in the central section of the Idrija Fault Bavec et al., 2013; Fitzko et al., 2005; Ribarič, 1979] (Figure 1 ). Finally, Caporali et al. [2013] also suggest that right-lateral transpressive motion is required along the Northern Dinarides to generate a geodetic velocity field (data from 1999 to 2010 collected by permanent GPS stations positioned across the eastern Alps and the Northern Dinarides).
The purpose of this paper is to constrain the recent (late Pleistocene-Holocene) displacement vector across the Northern Dinarides and discuss how deformation is accommodated in this region as a result of Adria rotation. Kastelic et al. [2008] mapped the section of the Ravne Fault that ruptured during the 1998 and 2004 earthquakes. Moreover, clear evidence of recent motion has been recognized from airborne lidar topographic data along the central part of the Idrija Fault, enabling detailed mapping of the active fault trace [Cunningham et al., 2006; Moulin et al., 2014] and a first quantitative slip rate estimate of between 1 and 4 mm/yr that varies with time [Moulin et al., 2014] . Further evidence of active faulting in the Northern Dinarides, however, remains insufficient for achieving the intended purpose.
Here we provide new data that allow identifying the shallow trace of the active faults in this area, characterizing their kinematics and discussing the relationships between the current on-fault motion, the seismicity, and the deeper structures. Due to the absence of deformed units younger than Eocene (Figure 2a ), to identify Figure 1 . Seismotectonic map at the transition between the Southern Alps (represented here by the Friuli Belt, the Julian Alps, and the Karavanke Mountains) and the Northern Dinarides, showing the main active faults mapped from 2.5 m SPOT images, topographic maps, and illuminated DEMs. The focal mechanisms of earthquakes with magnitudes >4.5 are also shown (only the two main shock waves of the 1976 Friuli seismic crisis are represented). The probable epicenter of the 1511 Idrija earthquake is represented in grey [Camassi et al., 2011; Ribarič, 1979] . The blue dashed line represents the Adriatic Sea/Black Sea water divide. Pe. F = Periadriatic Fault; Ho. F = Hochtstuhl Fault; La. F = Labot Fault; Fr. Thr = Friuli thrusts; Rav. F = Ravne Fault; Dr. F = Dražgoše Fault; Sa. F = Sava Fault; Ce. Thr = Cerklje thrust; Vo. Thr = Vodice thrust; Id. F = Idrija Fault; Pr. F = Predjama Fault; and Ras. F = Raša Fault (Pe. F, Ho. F, and La. F are from and Sa. F, Ce. Thr, and Vo. Thr from Jamšek-Rupnik [2013] ; other active faults have been mapped from our observations). Buser et al. [1967] , Buser [1968] , and Buser et al. [1986] ) showing the main stratigraphic units. Thrusts related to the Eocene-Oligocene and Miocene compression phases are represented with black lines, and active fault traces are represented with red lines. The black box labeled Fig. S2 roughly identifies the extent of the two cross sections presented in supporting information Text S1. The inset at the left shows a sketch map of the main structural units of the Eocene-Oligocene and Miocene phases according to Placer et al. [2010] (SOAl = Southern Alps; Tr = Trnovo nappe; Hr = Hrušica nappe; Sn = Snežnik thrust block; and EDIB = External Dinaric Imbricated Belt). (b) Geomorphic map based on the 12.5 m DEM of the studied area showing the main drainage features (active rivers, main abandoned drainages, and postglacial surfaces modified from Fontana et al. [2008] ). The maximum extent of the LGM ice sheets is represented by black dotted lines (JA = Julian Alps ice sheet; TG = Trnovski Gozd ice sheet; DT = Dolenja Trebuša). Active fault traces are represented in red. the most recent displacements along the Dinaric faults, we studied the geomorphic expression of the Dinaric faults while searching for landforms that exhibit surface offsets along the strike of the faults. We used SPOT images, 12.5 and 5 m resolution digital elevation models (DEMs) (in the Slovenian and Italian territories, respectively), and 1/25,000 scale topographic maps to characterize the fault traces and identify morphological markers suitable for quantifying cumulative displacements that ranged from a few meters to several kilometers. The smallest offsets were constrained using a 1 m lidar DEM (first presented in Moulin et al. [2014] ), local kinematic GPS surveys, 50 cm resolution orthophotos, and a 5 m resolution DEM derived from 1:5000 scale topographical maps. In addition, we tested the use of cosmogenic 36 Cl in exhumed bedrock, buried bedrock, and on conglomerates capped by 30-40 cm thick soils to determine the ages of the offset fluvial markers. These analyses, combined with the geological data, were used to assess the recent slip rates of the Idrija, Predjama, and Raša Faults and to place kinematical bounds on the faulting history.
Large-Scale Morphology and Fault Geometry

Relief and Inherited Morphology
The northern part of the Dinarides, studied in the present article, is a NW-SE oriented belt that extends from the Julian Alps to Mt. Sneznik in the SE (Figure 1 ), separating the southward sloping Veneto-Friuli Plain in the west (elevations from 150 m above sea level (asl) to the present sea level) from the southeastward sloping Ljubljana Basin (mean elevation of 350 m asl) in the east. For convenience, this section of the Dinaric foldthrust belt will be referred to as the "Northern Dinarides" in the following.
The Adriatic Sea/Black Sea water divide (dashed blue line in Figure 1 ) roughly follows the eastern edge of the Northern Dinarides, parallel to the Idrija Fault trace (Figure 1 ). In the northern part, at the junction with the Southern and Julian Alps, glaciers were most probably covering the most prominent reliefs during Last Glacial Maximum (LGM) [e.g., Bavec et al., 2004; Fontana et al., 2008; Monegato et al., 2007] . South of the former Alpine icecap and because of a relatively low mean elevation and the influence of the Mediterranean climate, glacial deposits are exposed only in a small area (referred to as "TG" in Figure 2b ) surrounding the 1494 m maximum elevation of the Mali Golak (Figure 1) , and the morphology has been substantially affected by karstic processes Different levels of karst tableland with a mean elevation of approximately 800 m (the Trnovski Gozd, Kras, Brkini, and Gorski Kotar areas characterized by abundant dolines and poljes) are visible along the belt (Figures 1 and 2b) .
Fault Geometry
The 150 km long NW-SE oriented Dinaric fault system (DFS), encompassing the main active faults of this area, stretches between 46.3°N and approximately 45.2°N along a N315 mean direction (Figure 1 ). At its northwestern tip, the DFS interferes in the west with the E-W oriented active thrusts of the Friuli Belt [Aoudia et al., 2000] , while in the ENE, right-lateral strike-slip faults (Ravne, Dražgoše, and Sava Faults) of similar NW-SE-orientation but shorter lengths are observed from the Julian Alps to the Karavanke Mountains [Jamšek Rupnik et al., 2012; Jamšek-Rupnik, 2013] . Toward the SE, the DFS extends at least up to the Mt. Sneznik in Croatia (Figure 1 ). In the study area from the NE to the SW, the DFS is composed of three main subparallel right-lateral strike-slip faults: the Idrija, Predjama, and Raša Faults, which are separated from one another by 10 to 15 km. Striking roughly parallel to the general N310-N315 trend of the Dinaric Belt, these faults are mainly intramountain faults, composed of 10-18 km long segment, except the northwestern section of the Raša Fault, which is located at the mountain front facing the Veneto-Friuli Plain (Figures 1 and 2) .
The Predjama Fault also starts 10 km south of Godovič and appears as a branch of the relatively linear and steeply NE dipping [Čar, 2010; Moulin et al., 2014; Poljak et al., 2000] Idrija Fault (Figures 1 and 2) . At 5 km east of Ajdovščina, the Predjama Fault splits into two branches along with a bend in the fault strike ( Figure 2b) . Overall, the Idrija and Predjama faults tend to parallel one another (Figure 2b ), suggesting that these faults could merge at depth. The Raša Fault is more linear, cuts into the Kras plateau in the SE, and then continues along the range front NW of Gorizia (Figures 1 and 2b) , separating the incised valleys grading down from the Veneto Prealps from the Veneto-Friuli Plain composed of Plio-Quaternary deposits (Figures 1 and 2) .
Between Trieste and Gorizia, a 15 km wide fold runs parallel to and SW of the Raša Fault and forms the core of the Kras plateau. It exhibits evidence of Pleistocene activity, such as an abandoned and perched valley, which appears in green tones on the DEM (10-15 km SSW of Gorizia; Figure 1 ) and lies orthogonal to the anticline Tectonics 10.1002/2016TC004188 axis. Although this structure probably plays an important role in accommodating the recent deformation, it is not included in the present study.
Quantitative Assessments of Long-Term Faulting and Folding Inferred From the Geometries of Large Drainages and the Čepovan Canyon
In this section, we focus on the Trnovski Gozd area (Figures 2 to 4), which is located at the junction between the upper Soča catchment in the north and the pure karst regions in the SE, to detect long-term displacements along the Idrija and Raša Faults and then investigate vertical displacements across the DFS.
The Trnovski Gozd Plateau and Čepovan Paleocanyon
In this area, three main rivers converge near Most-na-Soči: the Bača and Soča Rivers, originating in the Julian Alps, and the Idrijca River, flowing from the Northern Dinarides in the SE. The largest drainages of the Idrijca watershed (Idrijca, Hotenja, Kanomljica, and Trebuščica Rivers) are confined along deep and narrow valleys mostly oriented parallel to the NW-SE-striking Dinaric faults, which suggests tectonic control of the current drainage geometry (Figures 1 and 2 ). All these NW-SE-trending valleys have incised into the Mesozoic rocks of the Trnovski Gozd plateau, and the amount of incision has reached approximately 500 m along the largest Habič [1968] are reported. Red points represent perched fluvial sediments, red lines are the limits of the former alluvial plain that was subsequently karstified, and the orange dashed line represents the former drainage in the Čepovan Canyon. The orange solid line represents the possible extent of the karstified alluvial plain in the NE based on geological and morphological comparisons with the extent inferred by Habič [1968] . Point J corresponds to the former junction between the Soča River and the Čepovan Canyon. Figure 3a ) [Habič, 1968 [Habič, , 1997 . Where the lithology changes from Mesozoic limestones and dolomites into Eocene flyschs, the drainage of karst area turns into poorly incised temporary drainages.
The fan shape drawn by this karstic surface contains fluvial sand and gravel sediments at the surface in the form of (1) remnants of karstified terraces along a N-S oriented tongue extending for 9 km south of Grudnica and (2) isolated patches located 3-4 km SE, WNW, and SW to Banjšice and up to the southwestern rim of the plateau near Trnovo [Habič, 1968 [Habič, , 1997 (Figure 3a ). These sedimentary remains were used to infer the presence of a wide gravel-covered plain, which formerly drained water toward the SW and was subsequently abandoned and karstified when the current active drainages deepened [Habič, 1968] .
Carved in the karst surface of the Trnovski Gozd plateau, the 15 km long Čepovan dry canyon, which is punctured by 20-60 m deep dolines, forms a consistent 1.1-1.6 km wide, 300 m deep V-shaped valley with steep sides (~50°) (Figures 2b, 3 , and 4). Additionally, the presence of fluvial deposits along the northernmost section of the canyon suggests that water previously flowed through the canyon [Habič, 1968] (Figure 3 ). Moreover, the hypothesis that the Čepovan Valley is of glacial origin can be ruled out since the reconstructed maximum extent of the Trnovski Gozd ice sheet is clearly higher [Habič, 1997] (Figure 2b ). Based on these observations, Habič [1968] suggested that the Čepovan Canyon resulted from downcutting by a SW flowing river. Thus, the abandonment and karstification of the former alluvial plain would have been controlled by the onset of incision along the active drainages and the Čepovan Canyon. This widespread deepening of valleys is assumed to have occurred during the Plio-Pleistocene climatic transition [Habič, 1968] .
In the SW, the Čepovan Canyon ends in the Grgar karstic depression, itself bounded by a NW-SE oriented ridge (Figures 3 and 4 ). The 300 m deep, 1 km wide, V-shaped wind gap observed across this ridge (Figures 3 and 4 ) probably represents the continuation of the Čepovan Canyon ( Figure 3 ). We thus interpret the Čepovan Canyon to be a former fluvial drainage that has been subsequently abandoned and perched at about 350 m above the actual bottom of the Idrijca Valley in the north and 250 m above the Soča in the SW (Figure 4 ).
Kilometric Displacement Along the Idrija Fault
The main valleys in Figure 4 (Soča, Bača, and Idrijca) are all carved into the Trnovski Gozd plateau and display similar morphologies, with a mean width of 1.5 km and incision depths of approximately 500-600 m. The 3.7 km long 0.56°southward sloping Čiginj Valley 2-3 km SW of Tolmin is also comparable in size and is separated from the Soča Valley by the Bučenica and Mrzli hills in the SE (Figure 5a ). The Čiginj Valley is presently drained by the Ušnica Creek, which is extremely small compared to the dimensions of the valley. This mismatch in size suggests that the valley was probably shaped by a far greater drainage and therefore might also be an abandoned valley.
As shown in Figures 2 and 3, the main Idrija Fault trace was derived from Moulin et al. [2014] and follows a path similar to the geological fault trace [Buser et al., 1986] . Figure 5a shows that the active drainages draw Tectonics 10.1002/2016TC004188 a peculiar geometry across the Idrija Fault. In the NE the Soča, Bača, and Idrijca Rivers tend to intersect the fault at a high angle. Those three rivers then converge along the fault into the Soča River near Mostna-Soči, which flows again with a perpendicular orientation in the SW. The two abandoned valleys observed in the area (Čepovan and Čiginj) are located in the SW and tend to also intersect the Idrija Fault at a high angle. As a consequence, the general geometry displays an obvious northwestward shift in the active and abandoned valleys SW of the fault with respect to the valleys in the NE, what could be interpreted as a long-term right-lateral offset along the Idrija Fault. Back-slipping the entire fault section by 2.5 km restores the continuity of the valleys on both sides of the fault and suggests that the Čiginj and Čepovan valleys formerly used to drain the Soča and Idrijca Rivers, respectively ( Figure 5b ). For the Idrijca and Bača Rivers, the realigned valley sections are linear and drain deeply entrenched rivers. This entrenchment suggests that the rivers are unable to shift their course on their own [e.g., Replumaz et al., 2001] , which is supported by the fact that the valleys have relatively symmetric cross sections. We thus consider that the half-width of the valleys provides the maximum uncertainty for the 2.5 km offset. Finally, the consistency between the three offsets suggests that all drainages recorded the same faulting period. Figure 5a ). We therefore infer that the current geometry of the Soča Valley has recorded some right-lateral displacement along the Predjama Fault. The linear and well-preserved geometry of the KK ridgecrest was used to quantify the amount of cumulative offset. Drawing piercing lines along the two sections of the ridge yielded a value of 750 m when the proximal section of the ridge was considered and 1170 m when its entire length was considered (see red arrows in Figure 5a ). Thus, we estimated an offset of 960 ± 210 m. Back-slipping the fault section by this amount Tectonics 10.1002/2016TC004188 restores the initial catchment geometry and the course of the Soča (Figure 5b ). Note that this cumulative displacement has been measured from the same marker than the 2.5 km offset along the Idrija Fault suggesting that the two have recorded the same period of time.
Kilometric Offset
The Čepovan Canyon
Across the Trnovski Gozd Plateau, the Predjama Fault is marked by sharp topographical slope breaks and small karst basins that developed along its trace. These patterns are especially visible near the Čepovan Canyon, where the surface expression of the two fault branches is spectacularly preserved on the slowly evolving karstic landscape (Figures 3 and 7) . The two branches symmetrically strike NNW on the right side of Figure 7 , where they are respectively marked by the Mrzla Draga karstic depression and the Lokve Basin, a right-releasing step. Farther NW the two branches bend to the west along a N318 strike, where partitioning between the two segments has apparently controlled some subsidence in between (Figure 7a ), marked by a 110 m high cumulative scarp along the northwestern branch ( Figure 8 ). 
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The canyon is clearly offset along the northeastern fault segment. We estimate the offset from 180 to 280 m using piercing lines along the tops of the canyon cliffs (CC′ and DD′ in Figure 7 ). Along the southwestern branch, the eastern cliff appears to be right-laterally displaced by approximately 265 m (BB′ in Figure 7 ), but the gully that extends the Lokve Basin disrupts the continuity of the cliff, preventing any robust interpretation. On the NW side, the trend of the canyon edge abruptly changes from N200 to N257 when crossing the fault. Where the fault intersects the canyon, a conspicuous 500 m long N290 striking hill occurs, which could be interpreted as a pressure ridge associated with the right-lateral motion on the fault. If correct, this interpretation would imply that the western cliff has been displaced by~270 m along the southwestern fault strand (AA′ in Figure 7 ). The lack of apparent displacement in the canyon floor itself could be accounted for by the presence of slope colluvium at the base of the cliffs (Figure 7b ).
Overall, these observations suggest approximately a total of 500 m of right-lateral faulting recorded by the Čepovan Canyon and distributed along the two branches of the Predjama Fault. The recorded displacement across Čepovan canyon appears significantly lower compared to the one recorded on the Soča Valley. This observation could possibly indicate that (1) the fault-bounded block is rotating (this scenario is illustrated in Figure 5b , assuming that the Čepovan Canyon has recorded the same amount of faulting than the KK ridgecrest) or (2) the offset of the Čepovan Canyon began to accumulate displacement later than the Soča Valley. The steep cliff morphology observed along the canyon has probably acted as a passive marker only since the abandonment of the Čepovan Canyon. Thus, the displacement preserved along the Predjama Fault most likely postdates abandonment. On the other hand, the Čepovan Canyon and the Soča Valley have recorded the same amount of horizontal motion along the Idrija Fault, which might represent the entire slip following the onset of canyon incision. In Figure 9b , the profiles were projected in the N225 direction (perpendicular to the mean N315 strike of the Dinaric faults) to quantify the vertical offsets observed across the Predjama and Idrija faults. A 200 m vertical component, corresponding to a relative uplift of the southwestern block, is inferred by extrapolating the canyon top cliff profile slopes up to the Idrija Fault (dotted lines in Figure 9b ). Moreover, on both sides of the Predjama Fault, the "canyon top" profile appears consistent with the 110 m vertical throw on the northeastern branch of the Predjama Fault on the plateau (section 3.3.2). Note that approximately 135 m of vertical throw across the Predjama Fault is also inferred from the KK ridgecrest profile (Figure 9b ).
The "canyon floor" profile displays 330 m of apparent vertical uplift with respect to the modern Idrijca channel at the position of the Idrija Fault (Figure 9b ). This value indicates the maximum vertical displacement since canyon abandonment, which is in agreement with the vertical offset inferred from the "canyon top" profile. Although possibly buried by recent rockfall sediments (Figures 4 and 7) , no clear vertical motion is observed across the Predjama Fault. 
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Finally, the wind gap elevation suggests that the canyon has been vertically displaced (the question mark in Figure 9b ) across the Raša Fault with respect to its former outlet, the Soča River (section 3.1). Because the canyon does not cross the Idrija and Raša Faults, bounds must be placed on the former canyon floor geometry to quantify its vertical offsets. Additionally, the impacts of nontectonic processes on the modern canyon morphology must be assessed.
Origin of the Warped Čepovan Canyon Topographic Profile and Constraints on the Former Canyon Slope
The possibility that the observed warped geometry of the Čepovan Canyon resulted only from river erosion processes can be ruled out by the three following observations: (1) as already noted by Habič [1997] , the convex profile of the northward sloping section ( Figure 9a ) makes it difficult to believe that it was shaped by river incision; (2) no features, such as a ridgecrest, are present that might be associated with a former water divide near the maximum floor elevation; and (3) instead of two nested valleys, which would be expected if the opposite slopes resulted from a reversal of the flow direction, the canyon systematically displays a single V-shaped cross section. The most straightforward explanation for this morphology is that the present warping of the Čepovan Canyon resulted from tectonic deformation, i.e., from folding of the Čepovan Canyon. This supposed folding component, extending between the Idrija and Raša Faults and controlling the observed uplift, is also supported by (1) a similar bulging shape at the top of the canyon profile ( Figure 9b ) and (2) the observed overdeepening of the Nadiža and Soča Rivers in the zone of maximum uplift halfway between the Idrija and Predjama Faults ( Figure 2 ). However, overdeepening was not observed in the canyon cross section near the assumed anticlinal hinge (Figure 3 ), suggesting that folding occurred after canyon abandonment. Tectonics 10.1002/2016TC004188
Uplift Profile of the Čepovan Canyon
Quantifying the amount of tectonic uplift and folding requires constraining the initial profile of the canyon that is just before abandonment. In Figure 3 , point J represents the probable former junction between the Soča River and the Čepovan Canyon, lying roughly at the position of the Raša Fault. Because the surface area drained by the Soča River downstream from point J was not modified by canyon abandonment (compare Figures 5a and 5b) and given the large size of the watershed, we considered that the elevation of point J remained relatively constant over time, i.e., approximately at 75 m asl. Moreover, the black dotted lines in Figure 9b show that the dip of the "canyon top" fold limbs are similar to those of the "canyon floor" fold, suggesting that the canyon floor experienced most of the folding recorded by the plateau. This inference is also supported by the absence of overdeepening across the zone of maximum uplift (section 3.4.2). Both observations strongly indicate that the canyon floor and top recorded approximately the same amount of folding. From this observation, we assume that the floor/top folding ratio is at least 0.75 (the maximum value of 1 represents the same degree of folding in the canyon floor and top). Assuming contemporaneity of the folding-and fault-related vertical motions and considering the 200 m uplift recorded by the plateau across the Idrija Fault, the 0.75-1.0 range of the folding ratio implies that the northern tip of the canyon floor was vertically displaced by 150 to 200 m across the Idrija Fault. In Figure 10 , different initial gradients (with point J remained fixed at the present elevation) have been cut from the modern profile of the Čepovan Canyon to construct the corresponding uplift profiles (dotted lines in Figure 10 ). A slope of between 0.55 and 0.7°is required to observe the 150-200 m uplift at the Idrija fault. The resulting profiles display two folds bounded by the three strike-slip faults that accommodated their growth and some vertical displacement. The vertical component was inferred to equal approximately 150 m at the position of the Rasa Fault. 
.1. Geological Cross Section
A 36 km long geological cross section was constructed in the N220 direction from 4.2 km east of Kneža to 6.2 km SW of Gorizia (Figures 2 and 11 ). NE of the Raša Fault and along most of the section, the outcropping formations correspond to the Mesozoic rocks of the Trnovo nappe (thrusted to the SW during the Eocene compression [Placer et al., 2010] ). Along the 8 km long southwesternmost stretch, the alluvial sediments of the Veneto-Friuli Basin lie on the Cenozoic units of the Hrušica nappe and the external Dinarides fold-thrust belt, which are both Eocene-Oligocene in age [Placer et al., 2010] . The geometry of stratigraphic contacts and position of thrusts at the surface shown in Figure 11 come from Buser [1968] and Buser et al. [1986] . Dips of the Dinaric faults are documented as ranging between 60 and 80°toward the NE [e.g., Poljak et al., 2000; Čar, 2010] , and faults are shown as dipping by 70°NE in the cross section.
The geometry of the inactive thrusts is controlled by two ductile horizons above and below the Mesozoic carbonate rocks of the Dinaric platform [Placer et al., 2010] . The lower horizon consists of clastic rocks of Permian to Lower Triassic age, whereas the upper horizon consists of Upper Cretaceous-Eocene flysch deposits. From two boreholes located at Cerkno and in the Adriatic offshore approximately 60 km WSW of Trieste, Placer et al.
[2010] inferred the rough geometry of thrusts and decollement levels beneath the Northern Dinarides along a NE-SW cross section located approximately 20 km farther to the SE. Considering the locations of the two sections, we used a similar geometry in Figure 11 . Folding across the Čepovan Canyon suggests that the Raša and Predjama Faults are probably connected to the Idrija Fault at depth. Thus, we propose that the Raša and Predjama Faults sole out from the same ductile horizons as the former Eocene-Oligocene thrust planes and that both are connected to the Idrija Fault in the NE. This geometry implies that the Raša Fault would merge with the frontal thrusts of the external Dinarides and that the Predjama Fault would merge with the Snežnik thrust ( Figure 11 ). Alternatively, the Predjama Fault could cross and cut the Snežnik thrust and connect with deeper ductile horizons. Based on these hypotheses, the decollement levels lie at approximate depths of 10 to 17 km, which agrees with the estimated depth of the base of the seismogenic layer proposed in the area at depth of 10 to 15 km [Poljak et al., 2010] . Finally, the deep geometry of the DFS is similar to a transpressive half-flower structure centered on the Idrija Fault. This composite structure would control the uplift and folding of the crustal wedge between the Idrija and Raša Faults.
Čepovan Canyon Shortening Determination
The extreme bounds of the uplift profiles have been redrawn to account for the chaotic geometry resulting from karstic erosion (thick black curves in Figure 10 ) (note that a small bulge appears between the two Figure 11 . Geological cross section perpendicular to the average strike of the Dinaric faults along the profile shown in Figure 2b . The shallow geometry comes from Buser [1968] and Buser et al. [1986] , and the geometry of inactive thrusts at depth is adapted from Placer et al. [2010] .
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Predjama Fault segments). The inferred fold geometry appears asymmetrical, with a steeper northeastern limb ( Figure 10 ). To deduce the amount of shortening recorded by the Čepovan Canyon, we assumed conservation of mass [see, e.g., Lavé and Avouac, 2000] (inset in Figure 10) . A is the cross-sectional area of the profile corresponding to folding-induced uplift, and h is the thickness of the crustal unit sliding above the basement and folding at the surface (inset in Figure 10 ). If plane strain and conservation of mass are assumed, the amount of shortening, S, can be deduced from the following relationship:
The cross-sectional area, A, was calculated from the uplift profiles and was 5.84 ± 0.30 km 2 . Considering the depth of the decollement, h, between 12 and 15 km ( Figure 11 ), a shortening ranging from 370 to 510 m is yielded.
The following results were obtained from the analysis of the large-scale geomorphic markers across the Idrija, Predjama, and Raša Faults. Following the deepening of the major drainages and the abandonment of the former alluvial plain on the Trnovski Gozd plateau, approximately 2.5 km of right-lateral displacement occurred along the Idrija Fault. Simultaneously, the gradually karstified alluvial plain was vertically displaced by approximately 200 m by the Idrija Fault. Because all the geomorphic markers used in estimating offsets are roughly coeval (sections 3.2, 3.3.1, and 3.4.3) it is assumed that during the same period, the Predjama Fault laterally slipped by 960 ± 210 m and controlled (together with the Raša Fault) the folding and uplift of the karstified areas of the Trnovski Gozd plateau and of the Čepovan Canyon floor, accounting for 440 ± 70 m of strike-perpendicular shortening.
In comparison, the total displacements along the Idrija and Predjama Fault segments observed from geological maps suggest 4-5 km along the Idrija fault and no more than 1 km offset, respectively (Figure 2a ). More accurate estimates presented in supporting information Text S1 indicate 4.7 ± 0.7 km and 1040 ± 120 m for the Idrija and Predjama Faults, respectively, and a maximum displacement of approximately 1030 m for the Raša Fault. Note that along the Idrija Fault, the total vertical displacement appears similar to the one derived from the topography of the Čepovan Canyon top and floor (see supporting information Text S1). While the geomorphic displacement along the Idrija Fault represents approximately half of the estimated geological offset, the large-scale morphology appears to capture the entire slip along the Predjama Fault. This observation indicates that the inception of slip along the Predjama Fault occurred not before the 2.5 km offset began to accumulate along the Idrija Fault.
The objective of the next section is to accurately constrain the late Pleistocene slip rates of these faults by quantifying the magnitude and timing of the most recent motion from recent morphological markers. This assessment will allow for discussions of the time variability in the fault kinematics along the DFS.
Late Pleistocene Cumulative Offsets and 36 Cl Cosmic Ray Exposure Ages of the Displaced Markers
In this section, we focus on smaller displacements ranging from a few meters to about 350 m to estimate the late Pleistocene slip rates of the Dinaric Faults. The rates were derived by combining 36 Cl cosmic ray exposure (CRE) ages of displaced markers with existing glacial and alluvial chronologies of the area. We first describe the method used for determining 36 Cl CRE ages then present the sites that allowed constraining slip rates along the three main Dinaric faults.
Methods Used for Determining the 36 Cl CRE Ages of Displaced Geomorphic Markers
The displaced geomorphic markers presented in the following sections are mainly composed of limestone. The ages of emplacement of some of those markers were determined by measuring the amounts of cosmogenic 36 Cl produced in situ. Samples were either pieces of bedrock (river-cut cliffs and cut terrace) or pebbles deposited on alluvial strath terraces. All samples were crushed, and 250-500 μm fractions of each sample were leached and then dissolved following the procedure described by Stone et al. [1996] and modified by Schlagenhauf et al. [2011] . After complete dissolution, the samples were spiked with a known amount of isotopically enriched stable chloride carrier to allow for simultaneous Cl and 36 Cl determination by isotope dilution [Schlagenhauf et al., 2011, and references therein] . Then, Cl was precipitated as AgCl. Both [ 36 Cl] and [Cl] were measured at the national French Accelerator mass spectrometry facility (Accélérateur pour les Sciences de la Terre, Environnement, Risques; Centre Européen de Recherche et d'Enseignement des Géosciences de Tectonics 10.1002/2016TC004188 l'Environnement, ASTER-CEREGE, Aix-en-Provence). The 36 Cl and Cl concentrations were normalized to a 36 Cl standard prepared by K. Nishiizumi (KNSTD1600, with a given 36 Cl/ 35 Cl value of (2.11 ± 0.06) × 10 À12 ) [Sharma et al., 1990; Fifield et al., 1990] . The decay constant of 2.303 ± 0.016 10 À6 yr À1 used corresponds to a 36 Cl half-life (T 1/2 ) of 3.014 × 10 5 years. The analytical uncertainties included counting statistics, machine stability and blank correction.
[Ca] was also measured in sample aliquots by using inductively coupled plasma-atomic emission spectrometry (ICP-AES) analyses to determine the 36 Cl concentrations produced from this target element. The Stone [2000] polynomial was used to determine the local production rates from the 42.2 ± 4.8 atoms/g Ca/yr À1 production rate provided by Schimmelpfennig et al. [2011] . Finally, the Excel spreadsheet provided by Schimmelpfennig et al. [2009] was used to calculate all of the 36 Cl production pathways.
Density of Sampled Material
At two sites, samples were either buried beneath a 150 cm thick colluvial deposit or distributed along heterogeneous (limestones pebbles and fine-grained matrix, capped by a 20-50 cm thick soil) 2 m deep profiles. To consider the decrease in the 36 Cl production rate with depth, the density of the material was estimated using typical densities (1.5 g/cm 3 for the soils and 2.1 g/cm 3 for the colluvium) and the relative amounts of pebbles and matrix observed in the profiles (2.7 g/cm 3 for the density of limestone pebbles). An attenuation length of 160 g/cm 2 was used [Gosse and Phillips, 2001] , and the compositions of the sampled markers and the densities used to calculate the exposure ages are listed in the supporting information in Table S1 and Text S2.
Denudation Rates and Steady State Equilibrium
Generally, if the samples reached steady state equilibrium (their ages are old enough such that the concentration gains through production are balanced by the concentration losses through radioactive decay and surface denudation, which implies that the 36 Cl concentration depends only on the denudation rate [Gosse and Phillips, 2001] ), the calculated exposure ages must be considered only as minimum ages. The steady state hypothesis was tested in our samples by determining the denudation rates that were compatible with infinite exposure ages. At all sites, denudation rates between 150 and 500 mm/yr were deduced. These values were much higher than the published estimate of denudation rates in carbonate environments (approximately 20 mm/ka; e.g., Ryb et al. [2014] and Sadier et al. [2012] ). Therefore, the samples are not at the steady state, and their concentrations can be used to determine the CRE ages.
Chlorine Concentration and Neutron Capture Production Uncertainties
If high (more than 50 ppm), the chlorine concentrations in the samples could represent a significant source of uncertainty because of the poorly constrained fluxes of thermal and epithermal neutrons that produce 36 Cl through neutron capture [e.g., Schimmelpfennig et al., 2009; Delunel et al., 2014] . At one of the three sites, the chlorine concentrations range between 72 and 155 ppm (Table 1) . Because these uncertainties are difficult to quantify, we conservatively used an absolute uncertainty of 30% to deduce the CRE ages at this site.
Depth Profile Modeling
The 36 Cl concentration along the profile depends on the surface denudation rate, the inheritance, the density of the deposit (which controls the depth of attenuation), and the exposure duration. When samples were collected with depth, the concentrations were modeled either by varying all four parameters [Braucher et al., 2009] or by fixing some of the parameters to test their respective influences on the resulting CRE ages. The best fit was determined by using a chi-square (χ 2 ) inversion [e.g., Siame et al., 2004; Braucher et al., 2009] . Because the 36 Cl production rate depends on the individual chemical compositions of each sample, the 36 Cl concentrations plotted on the profiles were normalized to a standard chemical composition, which was chosen based on one of the measured samples.
Cumulative Displacements and 36 Cl CRE Ages Along the Idrija Fault 4.2.1. The Idrija-Godovič Segment
We first focused on the region between Idrija and the area a few kilometers SE of Godovič. This 11 km long segment of the Idrija Fault runs along the transition between the karstic areas to the SE and the deep gorges of the Idrijca catchment to the NW (Figure 2b ). SSE of Godovič, the relief comprises two main karstic levels (S1 and S2 in Figure 12 ), which were eroded in some places by drainage-like features in the form of poorly incised dry channels (the most prominent one is the Godovič karstic drainage approximately 400 m east of Godovič). To the NW, this karstic tableland was deeply incised by the Zala River. The active trace of the Idrija Fault is well expressed in the morphology along most of the section presented in Figure 12 . In the SE, it is first marked by a sharp continuous and linear topographical step (not associated with a change in lithology) that affects the S1 level, which could be interpreted as a cumulative fault scarp. Farther to Tectonics 10.1002/2016TC004188 the NW and near Anžic, the fault cuts across the topography, apparently dragging an E-W oriented ridgecrest (arrow labeled "A") toward the NW and right-laterally displacing the Zala Valley ( Figure 12 ). Farther to the NW, the fault crosses the Zala/Ljubevščica water divide to slightly bend toward the west. Before reaching the Idrijca Valley, the fault is marked by a topographic break, where small ridgecrests stop (arrows labeled "B" and "C" in Figure 12 ), in the Ljubevščica hillslope. When it reaches the Idrijca Valley, the fault splays into three rightstepping fault strands and becomes less clear, although the Idrijca river-cut cliff could be offset along the main branch of the fault (arrow labeled "D" in Figure 12 ).
Cumulative offsets have been identified and quantified at two sites along this section. The first one, which is not further presented, is the sharp dogleg made by the Godovič karstic drainage across the fault scarp corresponding to a 110 m long right-lateral offset (red arrow in Figure 12 ). The second site, which will be discussed in detail, is located in the Anžic area and affects the Zala Valley (black box in Figure 12 ). NE and SW of Anžic, the Zala River generally flows toward the SW (Figures 12 and 13 ). The Zala River is slightly entrenched by 1-2 m in a 50-60 m wide valley floor (appearing in green in the slope map; Figure 13a ), which narrows to a width of 25 m downstream of the fault. This valley floor, which is made of a single alluvial surface (S1 in Figure 13b ), is bounded by steep hillslopes (slope angle = 30-45°, Figure 13a ) cut into massive dolomites along a 1 km long section on both sides of the fault. Farther to the SW, this 600 m long narrow valley section becomes wider, reaching approximately 400 m downstream of the fault where the Zala is fed by first-order tributaries that have incised into more clay-rich rocks (southwestern corner of Figures 13a and 13b ).
In the middle of the studied section, the Zala Valley is deflected to the NW when crossing the fault. A prominent ridgecrest that separates the Zala and the Okroglica streams downstream of the fault reveals a similar Schimmelpfennig et al. [2009] . More information on sample chemistry is given in the supporting information, Table S1 . Tectonics 10.1002/2016TC004188 geometry suggesting that it has been dragged along the fault (Figures 12a, 13a, and 13b) . A 100 m long 60 m wide flat surface (S2 in Figure 13b ), standing approximately 25 m above the present Zala channel, is exposed downstream of the fault and on the north bank of the river, where it has been sheltered from river erosion. In the field, this surface is covered by dense vegetation and is dissected by small and narrow gullies drained by the Zala. This surface lies in the prolongation of the linear downstream section of the Zala and is located where the present Zala Valley floor reaches its minimum width (Figures 13a and 13b ).
From these observations, we inferred that the former course of the river flowed across S2, which represents an abandoned terrace of the Zala. Consequently, S2 and the river-cut cliffs would have been incrementally displaced by right-lateral slip along the fault. When the incision power of the Zala became high enough, it abandoned S2 and shaped a new channel (the present one) to the SE to restore a more linear course (Figure 13b ). The last stage was the return to low incision power, which led to the accumulation of rightlateral displacement of this new channel (itself accommodated by enhanced lateral erosion) with respect to the upstream section of the valley (Figure 13a ). This scenario explains most of the observations, such as the observed offsets, the slope distribution, and the narrowing of the valley floor downstream of the fault.
Quantifying the cumulative offset recorded by the Zala Valley requires making assumptions on the initial valley geometry in the vicinity of the fault. The most relevant observation is that the valley differs from the very linear geometry observed upstream and downstream only along a 200 m long section downstream from the fault where the S2 surface has been abandoned then preserved. This strongly suggests that this less linear section has resulted from lateral motion along the fault. Assuming that the valley were initially completely linear over the entire section of Figure 13 (which would imply that S2 was no more laterally extensive in the past) allows quantifying an offset of about 135 m from the north bank of the river (AA′ in Figure 13b ). The large amount of lateral shift in the course of this small stream compared to the smaller displacements recorded by the other larger rivers suggests a nontectonic origin. We prefer to interpret this feature as stream capture, which would explain the observed tightening of its catchment along the fault).
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Conversely, if assuming that S2 has been significantly laterally eroded, a minimum offset of about 65 m could be quantified (BB′ in Figure 13b ) by considering that S2 formerly extended up to the current south bank (piercing line B in Figure 13b ). This latter scenario would imply that the present-day geometry of the valley is very similar to the one before S2 was abandoned. Finally, the deflection of the wrenched ridgecrest observed downstream from the fault yields a displacement of approximately 170 m. Since BB′ only yields a minimum displacement and because CC′ is relatively consistent with AA′ we infer that the north bank of the river provides a better estimation of the cumulative offset. However, significant uncertainties arise from the assumption on the initial geometry of the valley; therefore, an uncertainty of 30% has been arbitrarily affected to this offset, yielding a value of 135 ± 40 m.
Following our interpretation, at a certain time after the 135 ± 40 m offset began to accumulate, a new channel, shifted to the SW to restore a more linear course, has incised across S2. This recent channel (black line in Figure 13b ) filled by the S1 surface is itself laterally displaced along the fault. To constrain this displacement, a survey of the edge of S1 on both sides of the fault has been performed using a kinematic GPS (Figure 13c ). From the S1 geometry, a right-lateral offset ranging between 36 and 73 m was inferred, with a preferred value Black points were acquired using kinematics GPS by following the edges of the valley. Purple and blue dotted arrows represent piercing lines used to measure offset. Thin black lines in the south represent colluvium covering the former edge of the valley. Upstream from the fault and on the right bank we were not able to follow the entire edge of S1 because of the house built at the base of the hillslope. According to the rest of the acquired points and the observed morphology in the field, it is likely that the rim of the valley runs just NW of the house (piercing line D1). To account for the high lateral erosion observed on this riverbank, we also defined an upper boundary for the intersection of the edge of the valley floor with the fault trace (piercing line D2). On the left bank, the intersection of the geomorphic marker with the fault trace was uncertain because the S1 geometry was partly reshaped by the along-fault-drained stream and its associated 30 m wide colluvium deposit (Figures 13b and 13c ). Thus, we defined two extreme solutions with piercing lines E1 and E2.
Tectonics 10.1002/2016TC004188 of 48 ± 12 m yielded by the best preserved north bank (Figure 13c ). Because S1 clearly corresponds to the active flood plain and cannot provide any relevant constraint on the timing of this offset, we focused on the markers of the incision event. The 48 ± 12 m offset should have formed following the major incision event that resulted in the abandonment of S2 (and the creation of the new channel) about 25 m above S1. Therefore, we attempted to constrain the chronology of this incision to assign an age to the 48 ± 12 m offset. Direct evidence of channel downcutting resulting from this incision event could be found about 250 m upstream from the fault in the form of two pieces of a river-cut cliff (Figures 14a and 14b and black star in Figure 13b ). The cliff is approximately 8 m tall above S1 (Figure 14) . 36 Cl Dating. The two walls of the cliff were sampled for 36 Cl-based CRE dating. Eight pieces of bedrock (four on each wall) were collected along vertical profiles from 270 to 750 cm above the present channel. Here the strategy is not to determine the age of S2 abandonment along a depth profile but to capture the signal of 36 Cl production at the surface of the river-cut cliff, that is, the cosmogenic production when the vertical walls have been exposed by channel downcutting [see Saillard et al., 2014] . To do so, we considered that the 25 m relative elevation of S2 provides the approximate amount of incision relative to the former and stable base level (that is S2). Assuming a stable base level duration of 10 5 years (approximately the duration of one glacial-interglacial cycle, which is believed to control the main incision phases), the 36 Cl concentrations were calculated at the corresponding depths (that is, the depth below the S2 surface) of the samples for a 10 5 year period. The calculation yields 36 Cl concentration ranging from 1.10 3 to 1.10 4 atoms/g of rock, providing a rough estimation of the inherited cosmogenic content (Figure 14c ).
Samples from the river-cut cliff yielded [ 36 Cl] ranging from 7.73.10 4 to 1.75.10 5 atoms/g of rock (approximately 10 times higher than that measured in the blanks, 10 4 atoms of 36 Cl) (see Table 1 ), at least 10 times higher than the estimated inheritance, and the values roughly increase with elevation ( Figure 14c ). The apparent CRE ages between 4.4 and 14.7 ka (Figure 14d and Table 1 ) represent the minimum ages of the incisional event because the cliff is an active marker that was potentially refreshed by lateral erosion by the Zala River. Along the northeastern wall, the ages mostly increase with elevation above the channel. Along the southwestern wall, this correlation is less clear and the CRE ages are systematically younger (Figure 14d ). This observation suggests that postincision processes did not significantly affect the cosmogenic content Tectonics 10.1002/2016TC004188 on the northeastern wall but potentially rejuvenated the bedrock surface of the southwestern wall. Thus, the CRE age associated with the northeastern cliff most likely provides a good estimate of the minimum age of the incisional phase. Therefore, the actual channel would have begun to deepen before 14.7 ka. The implications in terms of slip rate assessment will be discussed with other dates in section 5.1.
The Kapa Segment
The Kapa segment was previously investigated and described by Moulin et al. [2014] . At Pri Fežnarju (Figure 15 ; see location in Figure 2b ), these authors constrained a 53 ± 5 m right-lateral offset of first-order streams along a 1.5 km section of the Idrija Fault. Here we focus on the clearest offset that was recorded at this site and attempt to obtain dates using 36 Cl produced in situ. Figure 15 shows the 1 m lidar DEM of the corresponding area and the morphotectonic interpretation (see details in Moulin et al. [2014] ). In this interpretation, the T1 terrace, which is capped by a colluvial wedge, corresponds to a cut terrace shaped in the carbonate bedrock thus corresponding to a previous base level in which stream 2 merged with the Kanomljica River. Although T1 is only exposed NE of the fault, a minimum displacement of approximately 24 m can be inferred from the geometry of the overlying colluvial wedge (Figure 15d ). The topographic profile across the downstream section of stream 2 indicates that T1 presently stands approximately 7 m above stream 2, while the slope break on top of the right river-cut cliff records the initiation of stream incision approximately 12 m above the present channel (Figure 15e ). From these observations, the following scenario could be summarized. Before stream 2 began to incise, it was merged with the Kanomljica River at an elevation of approximately 472 m (12 m higher than present). As stream 2 began to incise, the 53 ± 5 m offset began to accumulate. Next, temporary equilibrium was reached in the river channel at the T1 surface elevation where stream 2 flowed into the Kanomljica River. At that time, the right-bank cliff cut by the river NE of the fault reached a height of approximately 5 m (Figure 15e ). Next, the Kanomljica channel became narrower and started to incise into T1. Consequently, stream 2 cut downward into T1, which was consequently abandoned, and continued to increase the height of the river-cut cliff. Subsequently, the drainage confluence was pushed To identify the age ranges of the offsets, we attempted to date the upper terrace. We dug a pit in T1 (black star in Figure 15a ) to collect samples for 36 Cl CRE dating. As anticipated, no alluvial material was found. T1 consists of a bedrock terrace capped by a colluvial wedge (Figure 15f ). The colluvial material is uniform throughout its 150 cm thickness and is composed of sparse angular pebbles with diameters of up to 10 cm in a clay matrix. The surface of the bedrock-colluvial transition is wavy but sharp and does not display any evidence of either surface bedrock weathering or paleosoil development (Figure 15f ). From these observations, we inferred that the deposition of the colluvial wedge occurred shortly after terrace abandonment since the time to develop soils in such wet climate is probably very short. However, we acknowledge that the age of T1 only provides a maximum age for the 24 m offset (production of 36 Cl would have been higher during a hypothetical first phase where T1 would have been directly exposed (not capped by the colluvium) at the surface), although the difference should be quite small. Two samples were collected at the top of the bedrock at depths of 155 and 135 cm, and the [ 36 Cl] results are 8.73.10 4 and 9.66.10 4 atoms/g of sample, respectively (Table 1) . Assuming a colluvium density of 2.1 ± 0.2 g/cm 3 and no erosion and inheritance, the calculated CRE ages are 14.2 ± 1.9 and 12.7 ± 2.1 ka ( Figure 15f and Table 1 ). The two bedrock pieces sampled at approximately the same depth could not be used to accurately assess the denudation rate and inheritance. However, the geomorphic observations clearly suggest that the Kanomljica River is strongly incising into its valley floor, resulting in its narrow and deep valley. Therefore, we speculate that the 36 Cl content in the bedrock before abandonment of the cut terraces was relatively low. On the other hand, our observations suggest that the erosion before the colluvial deposit was probably insignificant. However, the colluvium itself could have been partly eroded. If this is the case, the samples were initially deeper, and the 12.7 ± 1.3 ka ages should be considered as minimum estimates. Therefore, the abandonment of the T1 terrace is probably older than the oldest dated sample, making it older than 14.2 ± 1.9 ka. The meaning of these ages in terms of slip rate assessment will be discussed together with other dates in section 5.1. (Figures 6b, 16a, and 16b ; the area of Figure 16 is shown in Figure 5a ). These surfaces presently correspond to cultivated fields on well-developed soils and therefore have smoothed topography (Figure 16a ). Figure 16 b shows a detailed map of those surfaces, which are made of unconsolidated~10-20 m thick conglomerate and cap the Upper Cretaceous flysch deposits. These surfaces correspond to terraces that were emplaced and then incised by the Soča and can be divided into different levels according to their elevation (T0 and T0′: modern flood plain; T1, T1′, and T1″: sublevels standing between 50 and 70 m; and T2: upper level only preserved in the most sheltered areas) (Figure 16b ). Detailed mapping reveals laterally displaced terrace risers. Figure 16a show the location of the offset terrace risers mapped in Figure 16b . The black stars in Figure 16b show the location of the ditches dug for 36 Cl sampling.
Cumulative Offsets
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The clearest offset is observed on the~4 m high T1′/T1 riser, which appears right-laterally displaced by 12 ± 2 m ( Figure 17 ). The T1″/T1′ riser also displays a sharp shift of approximately 12 m in the continuation of the T1′/T1 riser offset (site of offset is shown with a red arrow in Figure 16 ), but the presence of a small anthropogenic terrace built below the T1″/T1′ riser downstream of the fault (see the dotted line in Figure 16b ) suggests that its geometry could have been substantially modified, making an accurate estimation difficult. Larger horizontal offsets of approximately 25 m are also observed on the T1/T2 riser on both sides of the river (sites of offsets are shown with red arrows in Figure 16 ). Unfortunately, a road and houses have been built near the fault trace, and the poorly preserved riser morphology makes measurements uncertain. Finally, no obvious offset affects the lowest and most recent risers (T0/T1″ and T0′/T1′ risers south and north of the river, respectively), probably because of recent refreshing due to river erosion and collapse.
To constrain the timing of these offsets, we attempted to determine the ages of terrace emplacement using 36 Cl CRE dating. We dug two 2-3 m deep pits on the surfaces of T1 and T1′ on the right bank of the river at places where they appear the most pristine and less man-modified (black stars on Figure 16b ). A depth profile for 36 Cl CRE dating was sampled in each pit. The deposits on both terraces are composed of well-rounded cobbles and pebbles with various diameters of up to 50 cm in an organic matter-coated fine-grained (sands and clays) matrix that represents less than 20% of the material. The cobbles and pebbles mainly consist of limestone with some marlstones representative of the lithology of the drained watershed. Moreover, although the initial signs of cementation can be observed, the resulting conglomerate is loosely consolidated. Using the method described in section 4.1.1, the density of the deposit was estimated at 2.5 ± 0.2 g/cm 3 . Both deposits are capped by a Soil layer that appears thicker (~45 cm) in the T1′ profile than in the T1 profile (~20 cm). We sampled 13 pebbles with diameters of 5-15 cm from depths of 25 to 190 cm in T1 and 7 pebbles from depths of 55 to 220 cm in T1′. The 36 Cl concentrations varied from 2.07.10 4 to 1.13.10 5 atoms/g of sample within T1 and from 1.51.10 4 to 1.04.10 5 atoms/g of sample within T1′ (Table 1 ). The calculated apparent CRE ages (assuming no denudation and no inheritance) of each sample are summarized in Table 1 .
The modeling results of the T1 profile indicate that the best fits are obtained for an exposure age of 9.3 ± 0.2 ka, a denudation rate of zero, and 3.15 × 10 3 of 36 Cl atoms/g of homogenous inheritance (Figure 18 , left) (this age and the associated uncertainty correspond to the weighted mean age and uncertainty calculated from all individual sample ages yielded with a zero denudation rate and 36 Cl atoms/g of inheritance). This modeling result also implies that approximately 45 cm of soil was anthropogenically removed (in agreement with the low soil thickness relative to the T1′ profile) (Figure 18 , left) and that two samples (PR10 and PR11) accumulated more inheritance than the other 11 samples (see supporting information Text S2 for further explanations). The analysis of the T1′ profile suggests that four samples accumulated heterogeneous inheritance relative to the three other samples, which were modeled and yielded the best fits for zero denudation and zero inheritance with an exposure duration of 7.2 ± 0.5 ka (Figure 18 , right) (see supporting information Text S2 for further explanation). Thus, the dating results indicate that the 12 ± 2 m displacement recorded by the T1″/T1′ riser began to accumulate between 9.3 ± 0.2 and 7.2 ± 0.5 ka. The implications in terms of slip rate assessments will be discussed for other dates in section 5.1.
Systematic Right-Lateral Displacement of Moderate-Sized Drainages Along the Northwestern Section of the Predjama Fault
In the Veneto Prealps, the Predjama Fault strikes N310 and cuts across four adjacent and equivalent intramountain creek catchments before becoming less obvious toward the NW (Figure 2b ) and near the Nadiža Valley (Figure 19a ). The creeks flow SW, perpendicular to the fault strike, in the bottom of 300-500 m deep V-shaped valleys (Figures 19a and 19b) . The fault trace is highlighted by topographic slope breaks and systematic right-lateral shifts in the main creeks (red arrows in Figure 19a ). The creek valley floors are 15-60 m wide and appear very linear on both sides of the fault, flowing southwestward except where they intersect the fault. Back-slipping the fault by~350 m restores the continuity of all of the creeks, thereby providing cumulative displacement (Figure 19c) . Although the large-scale trends of ridgecrests 3 and 4 are aligned with this retrodeformation, this is not the case for ridgecrests 1 and 2, possibly because these ridgecrests were significantly degraded across the fault (Figures 19b and 19c) . Tectonics 10.1002/2016TC004188
Fault Trace Characterization and Cumulative Offsets Along the Raša Fault
Similar to the Predjama Fault, the Raša Fault mainly crosses karstic terrain along its southeasternmost section, preventing the identification of potential markers useful for estimating the recent displacements. To the NW of Gorizia, the fault lies at the front of the Northern Dinarides and crosses NE-SW oriented drainages. In many places, the fluvial activity erased most of the long-term faulting surface expressions during the last deglaciation [Fontana et al., 2008] . However, some fault sections are located a few hundred meters upstream from the range front, where cumulative displacements across drainages of various sizes can be recognized. 4.4.1. The 55 m Offset at the Krasno Site Because the drainage is mainly NE-SW oriented near the Raša Fault, first-order tributaries, having potentially recorded the most recent motion, rarely cross the fault. We identified one site at Krasno where a first-order catchment is obliquely crossed by the fault (Figures 20a-20c ). Cumulative slip on the fault has built a nearly continuous slope break that is revealed by shadows on the illuminated DEM (Figure 20a ). The catchment geometry shows a twisted shape along the fault, suggesting that its downstream section was dragged toward the NW with increasing right-lateral slip on the fault (Figure 20b ). This watershed is drained by a deeply entrenched stream, which also appears right-laterally offset along the fault (Figures 20a and 20b) . Upstream from the fault, a small alluvial surface preserved on the left bank appears abruptly stopping along the fault trace (Figure 20b ). Back-slipping along the fault by approximately 55 m restores a more symmetrical catchment shape and creates stream continuity over the alluvial surface (Figure 20c ).
The 330 m Offset at the Fornalis Site
The Fornalis site is located 4 km SE of Cividale del Friuli (Figure 1) . The fault trace is easily visible as a depressed 100 m wide morphological corridor where fault scarps and triangular facets (shaped by small streams in the middle of the fault section) are observed (Figure 21a ). NE of the fault, four creeks flow SW in deeply entrenched valleys incised in Paleocene flysch deposits (Figure 2a ). The ridgecrests separating these valleys do not continue across the fault and over a 200-300 m long distance such that all of the valley floors merge into a narrow fault-parallel flat surface, especially along creeks 3 and 4 ( Figure 21a) . Additionally, the course of creek 1 suddenly changes upon reaching the fault, flowing NW and turning around a fault-parallel relief with an elevation of approximately 200 m asl. An 80 m deep SW sloping dry valley starts on the northeastern edge of this relief. Its orientation and location suggest that creek 1 formerly used to flow through it. The catchments upstream from valleys 3 and 4 upstream from the fault appear relatively small compared to the valley downstream of the fault, suggesting that catchments may have been larger in the past.
Drainages 2, 3, and 4 are clearly right-laterally deflected when crossing the fault. The fact that the ridgecrests bounding these valleys are clearly disconnected on both sides of the fault and do not reveal any topographic continuity in between rules out nontectonic hypotheses regarding the origin of the apparent offset. To restore the geometric continuity of the valleys and realign the drainages and ridgecrests, approximately 330 m of retrodeformation is required along the fault (Figure 21b ). This back-slipping also realigns the dry valley with the valley of creek 1 NE of the fault, supporting the interpretation of tectonic displacement. (Figures 2a and 22 ). In the northeastern half of Figure 22 , subvertical beds of sandstones striking approximately N315 control the steep morphology of the relief. The drainages flowing down from the Veneto Prealps are deeply entrenched and separated from each other by prominent ridgecrests before entering the Veneto-Friuli Basin (Figure 22b ). In the area of Campeglio, the front of the Dinarides becomes progressively composed of softer flysch sediments (mostly siltstones) and the streams and rivers have gentler morphologies.
The Raša Fault runs across these softer sediments, apparently displacing the ridgecrests (red arrows in Figure 22a ) shaped by the Meris and Ellero Creeks near their outlets (Figures 22a and 22b ). Along their upstream sections, the two drainages are oriented roughly perpendicularly to the strike of sandstone beds and gently meander on the valley floor. Farther to the SW, they are deflected to the NW when reaching the fault and then follow and laterally erode the base of the relief downstream. In both cases, at the position of the fault, steep NE facing slopes stand just in front of the upstream course and have been clearly rightlaterally displaced with respect to their counterparts NE of the fault (Figure 22b ).
From these observations, we infer a right-lateral tectonic offset across these hills. Back-slipping the fault section by~175 m restores the continuity and shape of the valleys' morphology ( Figure 22c ). To the NW, where the exact location of the active trace is less clear, retrodeformation reveals apparent unconformities. The Grivo di Raschiacco Valley continuity is lost, probably because this river formerly flowed more to the NW, where it deposited a large alluvial fan (Figures 22c and 2b ). Between this river and the Meris Creek, a firstorder stream stands in front of a bedrock ridge. This stream drains a catchment that is smaller than the Meris and Ellero catchments, suggesting that it acquired its present geometry more recently, which explains its inconsistent location in Figure 22c .
Discussion
Ages of the Offset Landforms and Late Pleistocene Rates of Slip Along the Dinaric Faults
In section 4, 10 cumulative right-lateral offsets, as well as 4 additional offsets along the Idrija Fault from Moulin et al. [2014] , ranging from 12 ± 2 to 360 ± 20 m, have been quantified from 17 geomorphic markers (Table 2) . At three sites 36 Cl-dating of displaced markers have been performed and allow placing bounds on the rates of slip along the Idrija and Predjama Faults. At the Anzic site, dating results indicate a minimum age of 14.7 ± 4.4 ka for the 48 ± 12 m offset, thus yielding a maximum slip rate of 3.8 ± 2.0 mm/yr for the Idrija Fault (Table 2) . At Pri Fežnarju, the 14.2 ± 1.9 ka age deduced for the abandonment of the T1 terrace provides a maximum age for the 24 m displacement recorded by the colluvial wedge and a minimum age for the 53 ± 5 m displacement recorded by stream 2. A slip rate between 1.7 ± 0.2 and 3.3 ± 1.3 mm/yr could thus be inferred for the Idrija Fault at this site (Table 2) , in agreement with the maximum slip rate deduced at Anzic. At the Avče site, ages of 9.3 ± 0.2 and 7.2 ± 0.5 ka have been determined for the abandonment of the T1 and T1′ terraces indicating that the Predjama Fault slip rate is 1.6 ± 0.5 mm/yr at this site (Table 2) .
Those constraints on the rates of slip now allow discussing the ages of the other displacements. Because all have been quantified from the geometry of entrenched rivers and valleys, the amounts of cumulative offsets have been first plotted against the drainage area of the catchments upstream of each offset (Figure 23) . Except for three points, a good correlation is observed between three relatively well-defined groups, and their cumulative offsets increase as the catchment surface area increases. The three data points that are not correlated correspond to the offsets measured from the drainages at the Fornalis site and along the Predjama Fault, which are potentially associated with larger catchment areas than today (section 4.4.2).
The correlation observed with all the other recorded offsets agrees with the idea that the rate of catchment growth is time dependent [e.g., Bull, 2008] . Thus, the streams with small catchment areas either developed too recently to have recorded the long periods of displacement or their stream power was too low to sufficiently incise and maintain their course [e.g., Hubert-Ferrari et al., 2002] .
Catchment growth is mainly controlled by capture processes, which are promoted by enhanced stream power [Bull, 2008] . Therefore, one could assume that catchment growth has mainly occurred during events of enhanced incision. This suggests that the three groups observed in Figure 23 correspond to three major incision events and thus that all offsets within each group are coeval. For the first group this inference is independently supported by the fact that (1) minimum ages for those offsets, as determined by 36 Cl dating, are very similar at the Pri Fežnarju and Anzic sites (Table 2) , and (2) the smallest offsets quantified along the Idrija Fault have been recorded by similar markers, that is, on first-order tributaries with typical lengths of 1 km, thus suggesting that they formed roughly synchronously. The 53 ± 5 m offset quantified at Pri Fežnarju belongs to the first group. While the minimum age of this offset is 14.2 ± 1.9 ka, the upper bound could be estimated from the minimum slip rate of 1.7 ± 0.2 mm/yr determined at this site. It yields a maximum age of 38.7 ka.
The 14.2-38.7 ka time range roughly corresponds to the last glacial maximum, a period when changes in the modes of erosion is likely to have controlled the preservation of tectonic offsets [e.g., Peltzer et al., 1988; Winter et al., 1993] . Due to the presence of the former neighboring ice sheets (Figure 2b) , the studied sites, at elevations of 400 m asl on average, were likely subjected to periglacial conditions during the last glacial phase. In this context, earlier cumulative offsets and fault scarps were potentially erased due to erosional processes [e.g., Peltzer et al., 1988; Winter et al., 1993] . Because incision events along such small tributaries are mainly controlled by local climatic conditions [e.g., Merritts et al., 1994] , it could be speculated that the erosion became mainly confined along the channels along with the drastic climate changes that occurred during the last deglaciation [e.g., Peltzer et al., 1988; Winter et al., 1993] . This scenario of offsets preservation accounts for both the 14.2-38.7 ka time range which has been independently deduced and the regional signal suggested by the grouping of offsets values (Figure 23 ).
The assumption that deglaciation phases controlled the preservation of tectonic displacements could be tested by considering that the three groups of Figure 23 are associated to the last three deglaciations. That would mean that large and well-incised drainages might be stable enough to continuously record slip along faults, even across glacial periods [e.g., Peltzer et al., 1988; Winter et al., 1993] . The LGM chronology is particularly well established in the Friuli area. The glacial pulses of the Tagliamento Glacier (see Figure 1 for location) have been constrained by several authors [Avigliano et al., 2000; Monegato et al., 2007; Paiero and Monegato, 2003; Vaia, 1982] and summarized by Monegato et al. [2007] . These data suggest that the Figure 23 . Cumulative offsets plotted versus the drained surface upstream of the fault. In cases where drainages or associated markers recorded several cumulative offsets, only the largest one was considered. The black dotted arrow represents the plausible shift in the three outliers because of decreases in the catchment sizes (see in the text for explanation).
Tectonics 10.1002/2016TC004188 maximum glacial advance was reached between 29 and 24.5 ka, followed by a short phase of retreat up to 22 ka and a cold period that triggered a final glacial advance between 22 and 21 ka. Between 21 and 18 ka, the ice sheet retreated dramatically. Then the timing of the local LGM is 23.5 ± 5.5 ka. At global scale the last three glacial maxima could be placed at 21.0 ± 3.0 ka, 140 ± 11 ka, and 255 ± 20 ka when using the stack curve of benthic δ 18 O as a record of the global glacial chronology [Lisiecki and Raymo, 2005] . We incorporated the uncertainty associated to the comparison between local and global LGM into the timing of former glaciation and thus attributed ages of 23.5 ± 5.5 ka, 142.5 ± 13.5 ka, and 257.5 ± 22.5 ka for the three groups of offsets, respectively. All cumulative displacements associated to their determined or estimated ages are plotted in Figure 24 .
The assumption that former deglaciations have controlled the preservation of cumulative displacements is supported by the good consistency between measured and estimated slip rates along the Predjama Fault, suggesting a mean slip rate of 1.45 ± 0.25 mm/yr (Figure 24 ). Measured and estimated ages of the cumulative offsets along the Idrija and Raša Faults also support this, although a constant slip rate is supported by the smallest offsets only if considering the very lower bounds of the calculated slip rates (Figure 24 ). When averaged over the last 255 ka, mean slip rates of 1.15 ± 0.15, 1.45 ± 0.25, and 1.30 ± 0.20 mm/yr are yielded along the Idrija, Predjama, and Raša Faults, respectively (Figure 24 ). Figure 24 . Slip rate assessments along the three Dinaric faults from offset measurements and CRE and assessed ages. Data points with thick and thin black lines refer to offsets of 36 Cl-determined ages (arrow to right when determined ages are minimum and arrow to left when determined ages are maximum) and estimated ages (correlated to former glaciations). Thick lines show the weighted mean slip rates obtained from each data set. The vertical dashed line represents the maximum age (38.7 ka) supported by the smallest offsets (see further explanations in the text).
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Given the uncertainties associated to all measurements, it is difficult to decide if the slight increase in slip rate along the Idrija and Raša Faults is a true feature ( Figure 24 ). It has been shown that the maximum age supported by the smallest displacements is 38.7 ka. If considering this value (indicated with a vertical dashed line in Figure 24 ), there is no more detectable increase in slip rates over the most recent period. Therefore, a possibility could be that the preservation of the smallest offsets occurred slightly before the LGM, although all other data strongly support the idea that former deglaciations have controlled the timing of offsets accumulation. Conversely, if the increase in slip rate is a true feature, then two main possibilities could be proposed to account for this observation.
Along the central section of the Idrija Fault the amount of (assumed coeval) slip apparently varies from one site to the other (see for more details Moulin et al. [2014] ): 42 ± 3 m at the Kapa site (4 km NW of Idrija), 53 ± 5 m at the Pri Fežnarju site (8 km NW of Idrija), and 38 ± 6 m at the Rizevce site (13 km NW of Idrija) ( Table 2 ). These variations could reflect the decrease in the amount of slip toward the tips of the fault segments during individual earthquakes [e.g., Davis et al., 2005; Manighetti et al., 2001; Manighetti et al., 2005; Nicol et al., 2005; Rockwell and Klinger, 2013; Scholz, 2002] . The apparent maximum offset would occur at the Pri Fežnarju site, with a total of approximately 53 ± 5 m, while cumulative offsets along the sections of smaller displacement would not have been preserved. Assuming that the displacement is greatest at Pri Fežnarju and decreases to zero at the fault tips, the mean displacement would be approximately 25-30 m, which would yield a slip rate of approximately 1.6 ± 0.7 mm/yr. This value agrees better with the averaged slip rate over the last 255 ka, suggesting that sampling of longer-term offsets would not have been biased by this slip variability along the strike. Along the Raša Fault, the 55 ± 15 m offset quantified at Krasno could be similarly considered as the maximum displacement, and the value of the mean slip rate would be closer to the mean slip rate over the last 255 ka when the same rationale is applied.
The second possibility lies in the proposition that the rates of slip along an individual fault can vary with time over cycles of up to several tens of thousands of years [e.g., Rockwell et al., 2000; Scholz, 2010; Benedetti et al., 2013] . If real, the apparent postglacial increases in the slip rates of the Dinaric Faults would agree with similar observations from comparisons between Holocene and longer-term fault slip rates at the global scale [Nicol et al., 2009] . The observed differences are possibly related to incomplete capture of the seismic cycle [Nicol et al., 2009] or the modulation of the rates by loading effects induced by surface loads changes [e.g., Hetzel and Hampel, 2005] .
Consequently, the slip rate averaged over the last 255 ka along the Dinaric faults is probably the most representative of the mean slip rate because it smooths any potential slip variability along the strike and with time.
If we consider only the displacements that we have correlated with the 142.5 ± 13.5 and 257.5 ± 22.5 ka deglaciations, the weighted mean slip rates are 1.1 ± 0.1 mm/yr, 1.4 ± 0.3 mm/yr, and 1.25 ± 0.20 mm/yr for the Idrija, Predjama, and Raša Faults, respectively, accounting for 3.75 ± 0.6 mm/yr of the right-lateral slip along the DFS during that period.
Plio-Pleistocene Faulting History and Evidence for Sequential Fault Activation
We can discuss the onset of faulting if we assume that the 255 ka averaged slip rates remained constant over longer periods. The inception of the Idrija Fault would have occurred at 4.3 ± 0.4 Ma, which is during the early Pliocene. This age agrees with the major kinematic changes that occurred throughout the Eastern Alps-Carpathians-Pannonian Basin system at that time [e.g., Vrabec and Fodor, 2006 ]. The Miocene E-W extension that is widely observed in the Eastern Alps and Pannonian Basin would have stopped in the Early Pliocene due to the locking of the Carpathian subduction zone [Bada et al., 2007; Csontos et al., 1992; Horváth, 1995; Peresson and Decker, 1997; Ratschbacher et al., 1991; Royden, 1993] . It is possible that the stretching of the Pannonian lithosphere controlled its fragmentation and the onset of the rotation of Adria along the Idrija Fault, which began to act as a new lithospheric boundary [Márton et al., 2003] .
In the study area, the Neogene evolution could be summarized as follows. During the Miocene, the Northern Dinarides were bounded in the north by the active front of the Southern Alps [e.g., Placer et al., 2010] (see also Figure 2a and inset of Figure 2a ). At that time, the Dinaric faults were probably activated as normal faults that accommodated the E-W stretching of the Pannonian lithosphere [Žibret, 2015] (note that the comparison between geomorphic and geological slip vectors would imply that such extension accounted for a very small amount of slip compared to the subsequent strike-slip phase (section 3.5 and Tectonics 10.1002/2016TC004188 supporting information Text S1)). Thus, the kinematic change observed in the Early Pliocene would correspond to more localized deformation along the Northern Dinarides from there acting as a lithospheric boundary between the Adria microplate and the Pannonian Basin. Therefore, the inception of right-lateral motion at the northeastern boundary of modern Adria could be considered as a local expression of the fragmentation of the Adriatic promontory [e.g., D' Agostino et al., 2008; Oldow et al., 2002] .
The comparison between long-term geomorphically derived and geologically derived slip vectors suggests that the kinematics was mainly strike slip during the first phase of slip along the Idrija Fault (section 3.5 and supporting information Text S1). At a certain time of that period, the Idrija Fault was bounded by a wide alluvial plain to the SW (Figure 25a ). This alluvial plain was then karstified (the karstic surface now preserved on some parts of the Trnovski Gozd plateau) and incised by the main rivers of the area to carve the deeply entrenched valleys, which are presently observed, as well as the Čepovan canyon (Figure 25b ). Resolving the timing of that incision event by assuming constant slip rate along the Idrija Fault (that is similar to the one determined over the last 255 ka) yields an age of 2.3 ± 0.7 Ma (near the Plio-Pleistocene boundary). This inference supports the idea that the major drainages of the area began to deepen (and the Trnovski Gozd plateau started to karstify) in response to the climate forcing associated with the Plio-Pleistocene transition [Habič, 1968] (Figure 25b ) between 2.5 and 3.5 Ma [e.g., Miller et al., 2005] . From that time the Čepovan canyon began to accumulate right-lateral displacement along the Idrija Fault (Figures 25b and 25c ).
On the other hand, while the late Pleistocene slip rates of the Idrija and Predjama Faults appear similar, the cumulative displacement of the Soča Valley strongly differs between the faults (2.5 ± 0.5 km and 960 ± 210 m, respectively). Moreover, the geological offset along the Predjama Fault matches, within uncertainties, the (Figure 25d ). The vertical displacement along the Idrija Fault is apparently similar when determined from the Čepovan canyon topography (section 3.4) or from geological data (supporting information, Text S1) suggesting that the inception of vertical displacement also occurred not earlier than~2.5 Ma. Those inferences strongly suggest that the activation of the Predjama Fault and the onset of uplift were coeval (Figure 25d ), in agreement with Figure 10 , which suggests a major role of the Predjama Fault in accommodating the folding of the Čepovan canyon.
We already noted that overdeepening is not observed across the Čepovan canyon in the vicinity of the fold hinge suggesting that folding occurred after the abandonment of the canyon (section 3.4.2). It follows that the 300 m depth of the canyon has been carved between 2.5 Ma (according to the reconstruction of Figure 25b ) and the time of activation of the Predjama fault, suggesting that this later occurred quite long after 2.5 Ma. In the absence of additional information about changing slip rates along those faults we retain the 750 ± 310 ka age as an indication of the timing of this kinematic change (Figure 25c ). Finally, the similarities between the late Pleistocene slip rates and the total geological displacements recorded along the Raša Fault suggest that this fault was activated at approximately the same time (Figure 25d ).
Unless balanced by coeval changes on unrecognized nearby faults, what we believe to be unlikely, the onset of faulting along the Predjama and Raša Faults at 750 ± 310 ka implies a drastic kinematic change because it suggests an increase from 1 to approximately 3 mm/yr of cumulative right-lateral motion. Moreover, the transition from pure strike slip to transpressive kinematics is also supported by the drainage patterns reconstructed for the Pliocene: the existence of the wide alluvial plain SW of the Idrija Fault (i.e., the former Trnovski Gozd plateau) suggests that this area was either subsiding or vertically stable; therefore, the recent uplift was caused by a switch in the direction of motion. Overall, our results suggest that the size and orientation of the vector describing the motion accommodated across the DFS changed significantly approximately 750 ka ago.
During the same period, dramatic kinematic changes occurred in the southern parts of the circum-Adriatic region, such as in the Calabrian arc in southern Italy [Mattei et al., 2007] and the central [Galadini, 1999] and southern Apennines [Hippolyte et al., 1994] . This study provides evidence of roughly coeval change in the northern Adriatic sector, suggesting that the early-middle Pleistocene transition could have been a time of major tectonic change that possibly affected the entire Adriatic domain. Our findings represent new quantitative data that can be used to better understand how these changes could be related to the approximately synchronous tectonic transitions observed across the entire Eastern Mediterranean [Schattner, 2010] and the post-3.16 Ma change in the Nubia-Eurasia plate motion [Calais et al., 2003] .
Kinematics of the DFS and Their Significance in the Circum-Adriatic Block Tectonic Framework
Our results suggest that 3.8 ± 0.6 mm/yr of right-lateral motion with a N312 ± 3 trend is accommodated along the Northern Dinarides. In addition to this main horizontal component, a strike-perpendicular shortening has been inferred from folding geometry of the Čepovan Canyon. The 440 ± 70 m of shortening recorded by the canyon probably began accumulating at 750 ± 310 ka. Because no evidence indicates a more recent kinematic change, we speculate that this strike-perpendicular component is still active. Accordingly, a shortening rate of 0.75 ± 0.4 mm/yr is estimated based on the estimated age and quantified shortening. The sum of the strike-parallel and strike-perpendicular components can be used to calculate the slip vector for the studied part of the Northern Dinarides. This calculation is represented in Figure 26 and corresponds to a value of 3.8 ± 0.6 mm/yr with a direction of N323 ± 9. Only two permanent GPS stations, located in Ljubljana and 6 km east of Trieste, allow for a comparison of this vector with geodetic measurements. The two stations suggest right-lateral motion along a N310 ± 19 direction at a rate of 2.6 ± 2.0 mm/yr [Caporali et al., 2008] . Although reliably describing the present deformation would require a greater number of stations, the slip vector determined by the present study agrees with the available geodetic data (Figure 26 ).
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Based on the large-scale geometry and kinematics of studied faults and geological data, we suggest that the motion is localized along a deep structure at depth (section 3.5), which we propose to match the geophysical discontinuity interpreted from interpreted 2-D seismic data acquired along the Alp07 profile Šumanovac et al. [2009] . Based on this geophysical profile, which is crossing the Dinarides at a right angle at the latitude of Rijeka (located along the eastern Adriatic coast, 15 km south of the limit of Figure 1) , with support of gravity modeling, Šumanovac et al. [2009] proposed that the Dinarides fold-thrust belt is bounded on both sides by two major faults that dip steeply to the NE and extend across the entire 15 km of the upper crust. In our interpretation, these crustal-scale faults could correspond with the Idrija and the Raša Faults. Deeper in the crust, these faults possibly merge into a single major discontinuity that displaces the Moho. Šumanovac et al. [2009] suggest that this feature indicates the eastward subduction of the Adriatic mantle [see Brückl et al., 2010] . This major boundary probably corresponds with the deep root of the Idrija Fault. In this case, the DFS represents the northeastern boundary of the Adria microplate and accommodates a part of its counterclockwise rotation through transpressive right-lateral motion along the N323 ± 9 direction.
The counterclockwise rotation of the Adria microplate is thought to represent the most important driving mechanism of active deformations in the circum-Adriatic region [e.g., Anderson and Jackson, 1987; D'Agostino et al., 2008; McKenzie, 1972; Nocquet, 2012] . Different poles of rotation and velocities have been determined, and all solutions converge to a counterclockwise rotation ranging from 0.25 to 0.52°/Ma around a pole located in the Western Alps or in the western part of the Po Plain [Calais et al., 2002; D'Agostino et al., 2008; Ward, 1994; Weber et al., 2010; Westaway, 1990] . Using these parameters, we plotted the model slip vector predicted by the motion of Adria with respect to stable Eurasia at the front of the Dinarides (near Gorizia) ( Figure 26 ). Regardless of the chosen pole of rotation, all model slip vectors show a consistent NNW to NNE motion, with a velocity ranging from 1.9 to 3.2 mm/yr. These values are all within the range of slip vector across the Northern Dinarides determined in this study and agree with the hypothesis that right-lateral strike-slip faults in the Northern Dinarides accommodate a substantial portion of the Adria motion relative to stable Eurasia. However, while the N-S component of the DFS vector appears remarkably consistent with the models, an E-W component is lacking for matching the observed and predicted slip vectors.
Thus, the additional E-W oriented shortening component could have been neglected in the vector calculation. To account for the predicted Adria/Eurasia displacement, this shortening component should be oriented approximately E-W and have a magnitude of 1-2 mm/yr, which is roughly within the same range as the shortening component across the Friuli Belt [D'Agostino et al., 2005; Grenerczy et al., 2005] . Part of this strikeperpendicular component is probably absorbed across the Kras plateau, which forms a SE-NW oriented 15 km wide anticline located between the Raša Fault and the Adriatic Sea shore (Figure 1 ). There is no estimation of the shortening absorbed across this structure. However, the modest~400 m elevation of the anticline (with respect to the Friuli anticlines, for example) suggests that active shortening should be significantly less than 1-2 mm/yr. From the observed discrepancy between predicted and observed vectors (Figure 26) , we then infer that Adria does not directly interact with stable Eurasia along the Northern Dinarides. This implies that some part of the stress imposed by the Adria rotation is transferred farther to the east [Cheloni et al., 2014; Grenerczy et al., 2005] and that the DFS should represent the boundary between Adria and another independent block or microplate farther to the east [Márton et al., 2002; Picha, 2002; Tomljenović and Csontos, 2001] . Tectonics 10.1002/2016TC004188
Conclusions
Using satellite and aerial images, accurate DEMs, topographic maps, and field investigations, we mapped the surface expressions of the three main right-lateral Dinaric faults (Idrija, Predjama, and Raša Faults), which is a prerequisite for quantifying cumulative offsets. At 13 sites, horizontal displacements were measured ranging from 12 m to 4.7 km. At three sites, 36 Cl CRE dating was performed to constrain the ages of the offset markers. Combining chronologically constrained displacements with relative chronologies inferred for the other displacements allowed us to constrain the slip rates of the three Dinaric faults with a maximum uncertainty of 30%. Our results suggest that 3.8 ± 0.6 mm/yr of right-lateral motion, equally shared by the three faults, has been absorbed along the Northern Dinarides over the last 255 ka. Quantifying the total geomorphic and geological displacements along these faults suggests that the Idrija Fault was first activated during the Early Pliocene and that the onset of slip along the Predjama and Raša Faults occurred later, probably closer to the early-middle Pleistocene boundary. In addition to the main horizontal motion, a significant perpendicular strike component has been inferred, which probably began at the same time on the Predjama and Raša Faults and is likely still ongoing. The magnitude of the calculated slip vector describing the motion absorbed across the studied part of the Northern Dinarides agrees with the predicted motion of Adria with respect to stable Eurasia. In addition, the presence of a lithospheric discontinuity to the Moho beneath the Northern Dinarides suggests that the Dinaric fault system could represent the northeastern boundary of the Adria microplate. Finally, significant misfit between the orientations of the predicted and observed vectors may suggest that Adria does not directly interact with the stable Eurasia along this boundary; thus, the motion of the Adria microplate imposes far-field stresses that are transferred farther to the east. 
